Objective Patients, their parents and healthcare professionals (HCPs) have a different perception regarding the symptoms of functional constipation (FC). Consequently, a lack of agreement exists on definitions and outcomes used in therapeutic trials of FC. Therefore, our aim was to develop a core outcome set (COS) for FC for children aged 0-1 year and 1-18 years.
IntrODuctIOn
Functional constipation (FC) is a common problem with a worldwide prevalence of 0.7%-29. 6% . 1 Approximately 95% of children with constipation has FC, meaning that no organic or anatomic cause can be identified.
Standard definitions and criteria for FC exist but are rarely used in research and clinical practice. 2 In 1999, the first diagnostic criteria for paediatric functional gastrointestinal disorders were published: the Rome II criteria. Several studies showed, however, that these were too restrictive and were therefore modified into the Rome III criteria (2006) and recently into the Rome IV criteria. [3] [4] [5] [6] [7] [8] Differences in outcome definitions, measurement and reporting across clinical trials make it difficult to pool study results. Moreover, negative results are less likely to be reported, which can cause bias. 9 These problems can be tackled by developing agreed standardised sets of outcomes: core outcome sets (COS). COS serve as a guide for what should be measured and reported, but measured outcomes do not need to be restricted to the COS. Researchers can examine additional outcomes that might be of interest to them. [10] [11] [12] COS increase consensus about the efficacy of an intervention and can improve healthcare, but it needs to contain outcomes that really matter to stakeholders. It is important to involve healthcare professionals (HCPs), parents and patients with FC when developing a COS. Especially since the literature
What this study hopes to add?
► Involvement of healthcare professionals, parents and patients in the development of this COS for FC ensured that appropriate outcomes are measured. ► Final COS: defecation frequency, stool consistency, painful defecation, quality of life, side effects of treatment, faecal incontinence (if age appropriate), abdominal pain (if age appropriate) and school attendance (if age appropriate).
Open Access Open Access Figure 1 Flow diagram of the core outcome set (COS) development. HCPs, healthcare professionals; n/a, not applicable. has shown that parents of children with FC have different concerns regarding their child's symptoms than HCPs. 13 In recent years, several COS were developed for paediatric topics such as acute diarrhoea, infant colic and asthma. [14] [15] [16] These studies used the Delphi technique to identify clinically important outcomes for HCPs and parents. Sinha et al also involved patients ≥12 years in this process. 16 This work was commissioned by the Consensus Group on Outcome Measures Made in Paediatric Enteral Nutrition Clinical Trials (COMMENT), an initiative of the European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN). COMMENT agreed that consensus was needed on core outcomes for FC. Therefore, we aim to develop a COS for therapeutic trials in children with FC, in primary to tertiary care settings.
MethODs
The method for the COS development was based on previous publications. [14] [15] [16] The Medical Ethics Review Committee confirmed that the Medical Research Involving Human Subjects Act did not apply to this study and therefore official approval by the committee was not required.
Descriptive statistics were used to summarise results.
In step 1, we systematically assessed how definitions and outcomes were defined in therapeutic randomised controlled trials of children with FC. Results were published in two manuscripts; one concerning children ≤4 years and another concerning children aged 1-18 years.
Participants
In step 2, we collected important treatment outcomes among stakeholders.
A survey was conducted among HCPs visiting two international paediatric gastroenterology conferences. Participants were randomly approached and asked to list up to five harmful/beneficial treatment outcomes, which they considered important and guided their clinical decision-making in outpatient and inpatient settings, as outcomes could differ in these settings. Data regarding profession and country of practice were collected. We aimed to include ≥100 HCPs. 14 We aimed to include 160 parents in four countries (Belgium, Italy, Poland and the Netherlands). Parents of children with FC (according to the Rome III criteria) were randomly approached by their child's treating physician to participate in this anonymous survey. 5 6 Parents were asked to list up to five treatment outcomes that made them feel comfortable or made them feel that their child was being treated adequately. The same question was asked for treatment outcomes that made parents feel uncomfortable or made them feel their child was being treated inadequately. Questions were translated into the native language of parents and answers were carefully translated back to English by their HCP.
As an anonymous pilot study, we assessed which treatment outcomes were relevant to patients ≥12 years, diagnosed with FC according to the Rome III criteria. 5 16 We aimed to include 50 patients at the gastroenterology outpatient clinic of the Emma Children's Hospital/ Academic Medical Centre, Amsterdam, the Netherlands. Children were randomly invited by their doctor and questions from the parental survey were adjusted for this population.
Outcomes
In step 3, reported outcomes were classified in predefined domains based on our findings in step 1 (defecation, associated symptoms, use of medication, treatment success, quality of life (QoL) and hospital). 2 17 Domains functioned as subcategories to group outcomes with similar characteristics. When necessary, we added new domains based on survey results. Similar outcomes were combined and outcomes mentioned by ≥10% of participants were included in a shortlist. The 10% threshold was chosen by COMMENT to keep shortlists manageable. Ten separate shortlists were created.
Next, shortlists for HCPs were sent to those that participated in the first survey and agreed to participate in the second survey as well. They were asked to rate outcomes on clinical relevance on a scale of 0-4 (0=not relevant, 4=very relevant) and to prioritise outcomes by selecting five outcomes they thought to be most important in guiding their clinical decision-making.
A new group of parents and patients with FC, from the same four countries, was invited to participate in this phase. They received shortlists for parental and patient outcomes, respectively, and were asked to rank outcomes on a scale of 0-4 (0=does not make me feel (un)comfortable, 4=makes me feel very (un)comfortable) and to prioritise them by selecting the five outcomes that made them feel most (un)comfortable. Surveys were returned anonymously. We aimed to include 80 parents and 50 patients. 14 16 Subsequently, the five outcomes with the highest rank were selected for each group. This resulted in preliminary outcome sets for HCPs, parents and patients, for both age groups.
After combining the preliminary outcome sets for each age group, a draft COS was presented to an expert panel during the COMMENT Working Group (WG) meeting at the ESPGHAN meeting in Athens, Greece (2016). Here consensus (a unanimous decision) regarding the final COS was reached by discussion. figure 1 . One hundred and nine out of 143 (76%) HCPs completed the first questionnaire. They originated from 28 countries (table 1) and included 52 paediatric gastroenterologists, 24 general paediatricians, 17 fellows, 4 residents in paediatrics, 4 paediatric nutritionists, 3 researchers, 3 not specified, 1 intern and 1 general doctor. In some originating countries, healthcare is organised in such a way that paediatricians represent primary and secondary care as well.
results

Flow diagram of COS development is shown in
For infants aged 0-1 years, 89 and 74 different outcomes were reported for outpatient and inpatient settings, respectively. For children aged 1-18 years, 76 and 72 different outcomes were reported for outpatient and inpatient settings, respectively. Table 2 shows an example of reported outcomes.
One hundred and sixty-five parents (100%) of children with FC completed the first questionnaire. Parents of infants aged 0-1 years reported 28 treatment outcomes that made them feel comfortable and 26 outcomes that made them feel uncomfortable. Parents of children aged 1-18 years reported 52 treatment outcomes that made them feel comfortable and 45 that made them feel uncomfortable.
Fifty patients ≥12 years (mean age 14.8 years; response rate 100%) completed the first questionnaire. Patients reported 21 outcomes that made them feel comfortable and 22 that made them feel uncomfortable. Table 3 shows outcomes that were reported most frequently.
creating a shortlist and final cOs Fifty out of 80 HCPs (63%) completed the second questionnaire regarding the rating and prioritising of outcomes on the shortlist. Since the top 5 of outcomes for outpatient and inpatient settings were rather similar (tables 4 and 5), we combined these into one preliminary outcome set per age group. Three unclear outcomes such as 'familiar environment' and 'organisation' were not displayed. In step 2, only five outcomes were mentioned by >10% of the parents of infants 0-1 years. It was unnecessary to approach new parents for step 3, as the rating and prioritising would not affect the top 5 outcomes.
All 80 parents of children 1-18 years (100%) completed step 3 . Tables 4 and 5 show the shortlists that were rated and prioritised by parents. Since outcomes that made parents feel comfortable and uncomfortable were rather Open Access similar for this age group, we combined these into one preliminary outcome set.
Fifty patients (mean age 13.8 years; response rate 100%) completed the rating and prioritising of outcomes (table 6). Outcomes that made patients feel comfortable and uncomfortable were rather similar and we combined these into one preliminary outcome set.
The preliminary COS of HCPs and parents of infants 0-1 years old were comparable. Therefore, these were combined into the following draft COS: defecation frequency, stool consistency, painful defecation, discomfort, crying, abdominal pain, treatment success, straining and QoL of parents.
We repeated this process for children 1-18 years but added the outcomes mentioned by patients aged ≥12 years. The preliminary COS of HCPs, parents and patients appeared to be comparable as well, except for the following outcomes: 'abdominal pain' (mentioned by parents and patients), 'treatment success' (parents) and 'school attendance' (patients). We combined outcomes into the following draft COS: defecation frequency, stool consistency, painful defecation, QoL (child and parents), faecal incontinence, abdominal pain, school attendance and treatment success.
The draft COS for both age groups was presented in a COMMENT WG meeting. Regarding the COS for 0-1 years, it was unanimously decided to exclude 'discomfort', 'abdominal pain' and 'crying' in the final COS, since these outcomes are non-specific and cannot with certainty be attributed to FC or the treatment effect. Additionally, it was decided to exclude 'straining', since 'painful defecation' was already included in the COS. 'Treatment success' was excluded as it is assumed to be a combination of the included outcomes.
Regarding the COS for 1-18 years, it was unanimously decided to add two outcomes mentioned by parents/ patients: 'abdominal pain' and 'school attendance'. 'Treatment success' was excluded for the same reason as above.
Since the applicability of a treatment depends on a balance between benefits and side effects of that treatment, it is recommended to assess 'side effects' as part of the COS. 18 Although 'side effects of treatment' were mentioned by <10% of respondents, we added this outcome to the COS. The COS for infants 0-1 years therefore includes: defecation frequency, stool consistency, painful defecation, QoL of the parents and side effects of treatment. The COS for children 1-18 years includes: defecation frequency, stool consistency, painful defecation, QoL of patients and parents, faecal incontinence, abdominal pain, school attendance and side effects of treatment.
For practical reasons, we combined these into one final COS for all children aged 0-18 years (box 1).
DIscussIOn
HCPs, parents and patients ≥12 years were involved in a Delphi technique to develop a COS for children with FC aged 0-18 years. Stakeholders largely agreed on which outcomes were most important, but some discrepancies existed. Parents and patients found 'abdominal pain' more important than HCPs. Although it is not a characteristic feature of FC, 10%-70% of children with FC are suffering from abdominal pain which can have a large impact on their well-being. 19 Abdominal pain can lead to school absenteeism and reduce participation in social activities. Another discrepancy regarded 'defecation frequency': depending on the age group, 46%-55% of HCPs found this the most important treatment outcome, whereas parents and patients mentioned this less often as an important outcome.
Interestingly, most Rome IV criteria are represented in our COS, except for 'presence of a large faecal mass Open Access in the rectum', 'retentive posturing' and 'large diameter stools' which were mentioned by 3%, 2% and 0% of HCPs, respectively. Furthermore, 'faecal incontinence' was mentioned as an important outcome for infants aged 0-1 years. A potential explanation for this could be that this was a Rome III criterion for children aged 0-4 years.
Since this is very difficult to assess in children wearing diapers, the Rome IV criterion 'faecal incontinence' is only used as an additional criterion to diagnose FC in toilet-trained children. 8 One of the strengths of this study is the high response rate. Furthermore, participation of physicians around the globe, involvement of parents from four European countries and inclusion of patients increase the generalisability of our COS. This study has some limitations. First, our study focused on children whose FC is managed by hospital paediatricians. In some participating countries, however, healthcare is organised in such a manner that paediatricians represent primary and secondary care as well. Although we included participants from around the globe, developing countries were under-represented which may limit the external validity of this COS in a developing country setting. Data collection from HCPs occurred at international paediatric gastroenterology Open Access Outcomes ranked 1 to 5 no background colour and outcomes ranked 6 to 8 (if applicable a darker colour to visualise they were excluded from the top 5.
conferences. This may have caused bias since these HCPs often treat patients with severe and long-lasting FC, and they could therefore have chosen different outcomes compared with primary care physicians. Also, patients ≥12 years were recruited in a tertiary care setting as a pilot study. Only recruiting patients in such a specialised setting might have led to biased results. Furthermore, since answers were collected anonymously in both Delphi rounds, we were unable to assess any potential differences between respondents and non-respondents. The Delphi technique is well suited as a method for consensus building, but it is a time-consuming process, that requires active participation throughout the Delphi process, which can result in high dropout rates. 20 However, our response rates were 63%-100% in both steps.
Another potential limitation is the use of questionnaires that were developed in English and thereafter translated into four different languages. Although this was done carefully, it is possible that this resulted in subtle changes in questions or answers. Some responses in step 2 were somewhat open to interpretation; therefore, we may have misinterpreted and incorrectly combined outcomes. Furthermore, not all outcomes mentioned by parents or patients were included in the final COS. The WG unanimously decided that these outcomes were non-specific for FC (crying, discomfort) or already included in the COS (straining, treatment success).
As mentioned before, a COS is the basis for what should be measured and reported in clinical trials, but researchers can add more outcomes if needed. 21 Selective reporting should be avoided by presenting results for both core outcomes and additional outcomes.
To enable comparison of trial results, there is not only a need for consensus regarding outcomes, we also need homogeneity in used definitions of FC. We recommend to use the recently published and internationally accepted Rome IV criteria for FC in future trials. 7 COS have the potential to improve evidence-based healthcare, but their creation does not automatically lead to its implementation and it would therefore be valuable to assess how widely this COS is being implemented.
In conclusion, the COS for childhood FC (0-18 years) consists of defecation frequency, stool consistency, painful defecation, QoL and side effects. Faecal incontinence, abdominal pain and school attendance should be measured if age appropriate. We recommend researchers to use this COS to decrease outcome heterogeneity and improve comparability of study results.
